Students' scientific thinking in higher education : Logical thinking and conceptions of scientific thinking in universities and universities of applied sciences by Seppälä, Hannele
Hannele Seppälä 
STUDENTS’ SCIENTIFIC THINKING IN 
HIGHER EDUCATION 
Logical thinking and conceptions of scientific thinking in 


































































    
 
 


































1.1 Background and inspiration of the study 
                                                           









Figure 1. Dichotomy of the theoretical and practical orientations in the field of economics and busi-
ness administration in universities and UASs (modified, Kokko, 2003).  









                                                           
 
1.2 Purpose and research questions

 
                                                           
My research questions are the following: 
 
Figure 2. The research frame.
Research on scientific thinking
Research tradition of logical thinking Research tradition of epistemological beliefs
Causal reasoning and 
hypothetico-deductive 
reasoning processes
Metacognitive awareness of 
the reasoning processes
- analysis and integration of 
thought processes




Aims, values, knowledge structures and epistemological assumptions in universities 
and UASs in the field of economics and business administration 
The profile and quality of higher education studies including the visibility and 
importance of scientific thinking in studies
1. What are the logical thinking skills and abilities of metacognitive awareness among 
the higher education students in the field of economics and business administration? 
2. What are the students’ conceptions of scientific thinking? 
3. What are the connections between the two studied traditions of scientific thinking? 
4. What are the students’ conceptions of skill requirements in higher education studies 
as well as the conceptions of the role of scientific thinking in studies?
Two empirical studies measuring students’ scientific thinking
Study I: Logical thinking skills and metacognitive abilities
Study II: Epistemological beliefs concerning scientific thinking, conceptions of the 
profile and quality of higher education studies
Evolving perspectives to the students’ scientific thinking in the two sectors of higher 
education:
- Analysis of the roles and connections of the two studied traditions of 






















































To investigate scientific thinking skills among higher education students in the field 
of economics and business administration and to develop the theory of scientific 
thinking by exploring the connections between logical thinking skills and 
















2.1 Logical thinking skills 
 
Table 1.  The research tradition of the development of logical thinking and the central features of 
approaches within this tradition.   
Research tradition of logical thinking
Approaches
Causal reasoning at 
the stage of formal 
operations
Models extending the 
Piagetian model with 
additional skills at the 









A broader variation of 
thinking skills, including 
e.g. metacognitive 
awareness of thinking 
processes
Acceptance and 
integration of various 
truths, contextuality of 
thinking
2.1.1 Causal reasoning at the level of formal operations

 
The development of causal reasoning skills 
2.1.2 Development of metacognition focused on reasoning process 

 
2.1.3 Development of logical thinking skills in the light of the later 
models
Criticism towards Piaget's theory of formal operations as representing 
higher-order adult thinking 

 
Models of post-formal thinking 
                                                           
 
2.2 Epistemological beliefs of knowledge and knowing 
Table 2. The research tradition of the epistemological beliefs and the central features of
approaches within this tradition. 








Central feature of 
the approach
Describes the develop-
mental changes and 
levels in epistemological 
beliefs
Describes the nature, 
features and structure of 
epistemological beliefs 
Describes the contex-
tual and domain de-
pendent features of 
epistemological beliefs
2.2.1 The developmental approach of epistemological beliefs 
 
2.2.2 System of beliefs approach 
 
2.2.3 The epistemological resources approach 

 
2.3 The connections between the two traditions of scientific 
thinking




Table 3. Research on the connections between epistemological beliefs and other cognitive skills.
Author(s) Cognitive skills, which are connected to 
epistemological development
Ryan (1984a, 1984b) Text processing, learning process and academic 
performance
Perry (1981) Cognitive styles and learning strategies 
Kitchener (1983) Cognitive processes of reasoning ability 
King and Kitchener (2002; 2004); Kitchener and 
colleagues (Kitchener et al., 2006)
Critical thinking 
Kuhn (1991) Argumentative reasoning skills and 
metacognitive thinking 
Schommer (1990, 1993); Schommer and 
colleagues (Schommer, Crouse & Rhodes,
1992; Schommer-Aikins & Easter, 2006); 
Kardash & Howell, 2000) 
Use of study strategies and academic 
performance
Muis (2008) Regulation of cognition and mathematical 
problem solving 
Stømsø and colleagues (Stømsø et al., 2008) Text understanding 
Weinstock (2009) Knowledge construction and evaluation 
2.4 Discipline-specific effects on scientific thinking
 
Values, epistemological beliefs and aspects of the learning environment 
in the field of business and administration 

 
2.5 Summary of chapter two 
Thoretical framework for investigating logical thinking

 
Theoretical framework for investigating students’ epistemological beliefs
                                                           
Table 4.  Dimensions of epistemological beliefs, which are applied in this study in exploring







a) Certainty of 
knowledge
Knowledge is certain, absolute and 
unchanging
Knowledge is tentative and evolving 
b) Simplicity of 
knowledge
Knowledge consists of more or less 
isolated facts (knowledge consists
of a loose collection of proven facts) 
Knowledge consists of highly inter-
related concepts (knowledge is  
theoretical and complex) 
c) Source of
knowledge
Knowledge is transmitted from
external authority 
Knowledge is actively constructed by 
individuals in interaction with the 
environment (personal judgments and 
interpretations)
d) Justification for 
knowing
Justification through observation, 
authority, or what feels right (rejection 
of the notion that knowledge claims 
need to be checked against reason
or other sources) 
Justification through the use of rules  
of inquiry and the evaluation and 
integration of multiple sources
(evaluation through independent, 
critical and logical thinking, as well as 
through the comparison of multiple 
related sources) 
                                                                                                                                                 
Fig
 
ure 3. The theoretical framework for stud
 




3 RESEARCH METHODS 
3.1 Study of the logical thinking skills and the 
metacognitive awareness of reasoning






                                                           
 
Table 5.  Age, gender, number of study credits and years of studies of students at the initial, inter-
mediate and final phase of studies in UASs and universities. 













Male M SD M SD 
UAS Initial phase  120 20.9 2.7 89 30 25.7 10.3 1.03 .21
Intermediate
phase
29 22.8 2.1 16 13 79.2 10.8 2.21 .73
Final phase 42 28.7 6.9 34 8 131.5 10.8 3.24 .85
Total 191 22.8 5.0 139 51 45.4 35.7 1.69 1.05
Univer-
sity
Initial phase 52 22.5 5.4 29 23 33.3 12.6 1.15 .36
Intermediate
phase
32 23.8 5.5 15 17 81.3 12.3 2.25 1.05
Final phase 63 24.9 4.0 42 21 142.2 31.2 3.79 1.32
Total 147 23.9 5.0 86 61 90.4 53.3 2.52 1.55
Total 338 23.3 5.0 225 112 71.6 51.5 2.06 1.37
χ
 


































































































UAS Initial phase   109  99   6   3   1 0 
Intermediate phase 25   20   2   1   1 1 
Final phase 25   11   6   8   0 0 
Total 159 130  14 12   2 1 
University Initial phase  39   29   3   3   4 0 
Intermediate phase 29   22   2   3   2 0 
Final phase 47   33   0   2   7 5 
Total 115   84   5   8 13 5 
Total 274 214 19 20 15 6 
3.1.2 Measures of logical thinking and the metacognitive awareness 
of reasoning processes 
 
The Pendulum task 
The Chemicals task 
The Comparison task of the Pendulum and the Chemicals tasks 
Table 7.  Developmental ranges of the tasks used. 
Pendulum and Chemicals tasks 
Developmental stage   Symbol Score
Early concrete reasoning  2A 1
Mid concrete reasoning  2AB 2
Full concrete operational  2B 3
Concrete generalisation  2B* 4
Early formal operational   3A 5
Full formal operational  3AB 6
Formal generalisation  3B* 7
Comparison task 
Levels     Score 
Level of no reflection   1
Level of reflection of the content of the task 2
Level of developing general analysis 3
Level of general analysis   4
Level of developing specific analysis and integration 5 
Level of specific analysis and integration 6
Lowest levels of metacognitive development, 1-2 
Intermediate levels representing a general-analysis level of metacognitive awareness, 3-4 
Highest levels of metacognitive awareness, 5-6 
3.1.3 Reliability of the tasks 
 
Table 8.  The interconnection between the scores in the Pendulum and in the Chemicals tasks
(Frequencies and percentage values of total).
Chemicals task















































































3.1.4 Interscorer agreement 
3.1.5 Validity of the tasks 
Table 9.  Descriptions of the skills measured in the Pendulum and Chemicals tasks (Shayer & Adey, 
1981, see Kallio, 1998) 
Pendulum task Chemicals task 
2B* Identifies the effect of the salient variable 
length, but cannot produce a valid reason to 
justify the deduction.
Can conceive all the combinations of four 
objects. Produces a qualitative model of two 
variables being sufficient for an effect. 
3A Can produce a plan for controlling all varia-
bles but one in testing for each possible 
effect (control of variables). 
Produces an exhaustive set of combinations 
of 4 objects readily. 
3AB Can systematically exclude irrelevant varia-
bles in analysing experiments planned at 
level 3A, and thus can identify the non-effect 
of push even if this is counter-intuitive. 
Can draw inferences from the combinations 
of the four chemicals used concerning what 
are necessary and sufficient conditions for 
an effect and its converse. 
3B* Can systematically resist the impulse to 
interpret experiments where more than one 
variable has been changed, and can inte-
grate the two strategies of control and ex-
clusion of variables. 
Can produce a proof strategy to justify 
inferences made at the former level. 
 
Table 10. Descriptions of metacognitive processes measured in the Comparison task (Kallio, 1998, 
based on Demetriou & Efklides, 1985) 
Comparison task - Metacognitive processes 
1. No reflection No indication of conscious reflection on the thought processes. 
2. Reflection of the 
content of the task 
Evaluation of manifest content of the task, i.e. the phenomenal features 
of the tasks are given in the evaluations. 
3. Developing general 
analysis
Necessary operations for the solution of the tasks are described. Evalua-
tion is, however, very general and holistic, and does not focus in detail on 
the specific parts of the operations or chains of operations used in them. 
4. General analysis The analysis has the same characteristic as at the third level, but the 
answers at this level are more extensive. Students are able to identify the 
process of keeping some variables constant while changing only one 
variable.
5. Developing specif-
ic analysis and inte-
gration
Differentiating and reducing thought operations and chains of reasoning 
to smaller components. The differences and similarities between the 
chains of logical reasoning used in both tasks are analysed in greater 
detail than in the former sub-stage. There is a tendency to combine the 
tasks with a single factor or factors found in both tasks.
6. Specific analysis 
and integration 
The analysis has the same characteristics as at the third level, but the 
answers at this level are more extensive and include more specific de-
scriptions of the thought processes. 
3.1.6 Data analysis and presentation of results
Figure 4. Dependent and independent variables in this study.
Contextual factors
DEPENDENT VARIABLES
Logical thinking and the level of metacognitive awareness of reasoning
Higher education sector Phase of studies
Age Gender




Table 11. The focus of the interests and the methods used in data analysis. 
Focus Data analysis 
The results of the logical thinking i.e. causal 
reasoning abilities and the level of metacognitive 
awareness of reasoning in the two higher  
education sectors
Descriptive analysis, crosstables 
The differences between the sectors. Independent samples t-test 1)
The results of the logical thinking i.e. causal 
reasoning abilities and the level of metacognitive 
awareness of reasoning in the different phases of 
studies in the two higher education sectors. 
Descriptive analysis, crosstables 
The differences between the study phases within 
the sectors and between the sectors. 
One-way Anova procedures, Post-hoc tests 
(Bonferroni) 1)
The effect of the each contextual factor (age, 
gender, prior education, studies in qualitative and 
quantitative methodologies) on logical thinking i.e 
causal reasoning and metacognitive awareness 
of reasoning.
Independent samples t-test (the effects of 
gender), One-way Anova procedures (other 
contextual factors), Post-hoc tests (Bonferroni) 
1)
The interaction effects of the contextual factors,
higher education sectors and study phases. 
General liner model analysis/ Univariate analy-
sis, Post-hoc tests (Bonferroni) 1)
 
3.2 Study of the conceptions of scientific thinking and skill 
requirements in higher education studies 
3.2.1 Descriptive characteristics of the subjects under study 
Table 12. Higher education sector, phase of studies, age, gender study credits and years of studies 
of the students who answered both the science reasoning tasks and to the questionnaire. 











Male M SD M SD 
UAS Initial phase 34 21.4 4.4 29 4 27.4 10.4 1.0 0.2 
Intermediate
phase
8 24.1 2.6 4 4 76.8 13.0 2.4 0.8 
Final phase 17 32.1 7.6 17 0 134.1 7.6 3.4 0.9 
Total 59 24.6 6.9 50 8 64.8 48.4 1.9 1.2 
University Initial phase 33 22.9 5.9 18 15 32.2 12.8 1.1 0.3 
Intermediate
phase
20 25.2 6.5 11 9 85.0 9.8 2.5 1.2 
Final phase 43 24.9 3.3 31 12 145.0 32.3 3.9 1.2 
Total 96 24.3 5.1 60 36 93.7 55.3 2.6 1.6 
Total 155 24.4 5.8 110 44 82.7 54.5 2.4 1.5 
 
 



































































































UAS Initial phase 34 29 2 2 1 0 
Intermediate
phase
8 6 1 0 0 1 
Final phase 14 3 5 6 0 0 
Total 56 38 8 8 1 1 
University Initial phase 31 22 3 3 3 0 
Intermediate
phase
19 13 1 3 2 0 
Final phase 38 25 0 2 6 5 
Total 88 60 4 8 11 5 
Total 144 98 12 16 12 6 
3.2.2 Questionnaire of students’ conceptions of scientific thinking 
and higher education studies 
3.2.3 Qualitative content analysis 
 
Figure 5. The phases of the content analysis concerning students’ conceptions of scientific thinking. 
Study of the conceptions of scientific thinking
N=156
First classification and grouping of the 
answers:
49 detailed and exact categories
Compressing the data and forming 
the upper level categories:
10 content categories
Testing of the reliability of analysis
Reporting the results of the 
questionnaire 
- student profiles according to the 
higher-education sector and phase of 
studies 
- student profiles, which combine 
causal reasoning skills and conceptions 
of scientific thinking
Careful reading of the answers and 
forming a general impression of the 
whole data
Testing of the categorisation by the 
fellow-researcher and discussions
Modification of the classifications and 
forming the final categorisation: 
8 categories, with four subcategories
Forming of the two groups of 
categories by dividing them according 





4.1 Logical thinking skills 
Table 14. Developmental stages of logical thinking. 
Pendulum and Chemicals tasks 
Developmental stage   Symbol Score  
Early concrete reasoning   2A   1 
Mid concrete reasoning   2AB  2 
Full concrete operational   2B   3 
Concrete generalisation   2B*   4 
Early formal operational    3A   5 
Full formal operational   3AB   6 
Formal generalisation   3B*   7 
 
4.1.1 Results of the Pendulum task 
Students in universities and UASs 
Table 15. Frequencies and percentage values of university and UAS students at each developmen-




University students UAS students
f % f % 
2B 10 6.8 26 13.9 
2B* 23 15.6 67 35.8 
3A 76 51.7 72 38.5 
3AB 34 23.1 22 11.8 
3B* 4 2.7 0 0  
Total 147 100 187 100 
 
Table 16. Means of scores in the Pendulum task in the university sector and UAS sector, standard 
deviations and significance testing of the means of scores.
Universities UASs Both sectors
t
N Mean SD N Mean SD N Mean SD
Pendulum
task
147 4.99 0.88 187 4.48 0.88 334 4.71 0.91 t(332)= -5.292, p < .004
Results at the different study phases 
Table 17. The frequencies of students (and percentage values within phase of studies) at each 













f % f % f % f % f % f % f % 
2B 4 7.7 3 9.4 3 4.8 15 12.7 4 14.8 7 16.7 36 10.8
2B* 9 17.3 4 12.5 10 15.9 44 37.3 9 33.3 14 33.3 90 26.9
3A 28 53.8 17 53.1 31 49.2 43 36.4 9 33.3 20 47.6 148 44.3
3AB 9 17.3 8 25.0 17 27.0 16 13.6 5 18.5 1 2.4 56 16.8
3B* 2 3.8 0 0.0 2 3.2 0 0.0 0 0.0 0 0.0 4 1.2
Total 52 100 32 100 63 100 118 100 27 100 42 100 334 100
η
Table 18. Group means and standard deviations in the Pendulum task for the university and UAS 
students at the initial, intermediate and final phases.
Pendulum task
University students UAS students
N Mean SD N Mean SD
Initial phase 52 4.92 0.90 118 4.51 0.88 
Intermediate phase 32 4.94 0.88 27 4.56 0.97 
Final phase 63 5.08 0.88 42 4.36 0.79 
Total 147 4.99 0.88 187 4.48 0.88 
Effects of the individual factors on the results of the Pendulum task 




                                                           
 
Table 19. Group means and standard deviations for the different study groups in the Pendulum task.
Pendulum task
University students UAS students Total
N Mean SD N Mean SD N Mean SD
Vocational education 5 4.20 0.84 12 4.00 0.85 17 4.06 0.83 
Matriculation examination 84 5.05 0.87 129 4.54 0.86 213 4.74 0.88 
Matriculation examination + 
vocational education
8 4.88 1.27 11 4.45 0.82 19 4.63 1.01 




5 5.40 0.55    5 5.40 0.55 
No information on the prior 
education
32 4.91 0.10 32 4.38 0.94 64 4.64 1.00 
Total 147 5.00 0.88 187 4.48 0.88 334 4.71 0.91 
Table 20. Prior education groups having significant differences in the results of Pendulum task. 
Pendulum task 
Prior education group 
with higher scores
Prior education group 




Matriculation examination Vocational education .68 .23  <.05 
UAS Bachelor’s degree Vocational education 1.00 .31  <.05 
η

                                                           
Table 21. Significant differences between the prior education groups in  the two higher education 
sectors in the results of Pendulum tasks. 
Pendulum task 
Prior education group 
with higher scores
Prior education group 











Vocational education 1.05 .27  <.01 
4.1.2 Results of the Chemicals task 
Students in universities and UASs 
 
Table 22. Frequencies and percentage values of university and UAS students at each developmen-




University students UAS students
f % f % 
2AB 3 2.0 5 2.6 
2B 10 6.8 18 9.5 
2B* 36 24.5 50 26.5 
3A 52 35.4 76 40.2 
3AB 46 31.3 36 19.0 
3B* 0 0 4 2.1 
Total 147 100 189 100 
Results at the different study phases 
Table 23. Frequencies of students (and percentage values within each phase of study) at each 













f % f % f % f % f % f % f % 
2AB 1 1.9 2 6.3 0 0 2 1.7 2 7.1 1 2.4 8 2.4 
2B 6 11.5 2 6.3 2 3.2 10 8.3 1 3.6 7 17.1 28 8.3 
2B* 16 30.8 10 31.3 10 15.9 25 20.8 9 32.1 16 39.0 86 25.5 
3A 16 30.8 8 25.0 28 44.4 56 46.7 6 21.4 14 34.1 128 38.1 
3AB 13 25.0 10 31.3 23 36.5 26 21.7 7 25.0 3 7.1 82 24.3 
3B* 0 0.0 0 0 0 0 1 0.8 3 10.7 0 0 4 1.2 




Table 24. Group means and standard deviations in the Chemicals task for the university and UAS 
students in the initial, intermediate and final phases. 
Chemicals task
University students UAS students
N Mean SD N Mean SD 
Initial phase 52 4.65 1.05 120 4.81 0.96 
Intermediate phase 32 4.69 1.18 28 4.86 1.35 
Final phase 63 5.14 0.80 41 4.27 0.92 
Total 147 4.87 1.00 189 4.70 1.04 
 
Effects of the individual factors on the results of Chemicals task 
Age and gender 
η=
Table 25. Means and standard deviations of the Chemicals task scores for the different age groups 
in both sectors. 
Chemicals task
University students UAS students
N Mean SD N Mean SD 
Age 19-20 28 4.68 0.19 69 4.97 0.12 
Age 21-23 63 4.84 0.13 74 4.61 0.12 
Age 24 -> 56 5.00 0.14 42 4.43 0.16 




                                                           
Table 26. Group means and standard deviations for the different study groups in the Chemicals task. 
Chemicals task
University students UAS students Total
N Mean SD N Mean SD N Mean SD
Vocational education 5 3.20 1.10 13 4.46 1.13 19 4.16 1.21 
Matriculation examination 84 4.89 0.93 128 4.79 1.04 212 4.83 1.00 
Matriculation examination + 
vocational education
8 5.25 0.71 12 4.42 0.90 20 4.75 0.91 




6 5.00 1.10 0 0.0 0.0 5 5.00 1.23 
No information on the prior 
education
32 4.78 1.04 32 4.47 1.02 64 4.63 1.03 
Total 148 4.87 1.00 188 4.70 1.04 336 4.77 1.02 
Table 27. Prior education groups, which had a significant difference in the results of Chemicals 
tasks. 
Chemicals task 
Prior education group 
with higher scores
Prior education group 






Vocational education 1.15 .34  <.05 


                                                           
 
Table 28. Significant differences between the prior education groups at the two higher education 
sectors in the results of the Chemicals task. 
Chemicals task 
Prior education group 
with higher scores
Prior education group 













1.59 .46  <.05 
University /
Matriculation examination 
+ vocational education 
University /
Vocational education 
2.05 .57  <.05 
University / 
UAS Bachelor’s degree 
University /
Vocational education 
2.11 .53  <.01 
4.1.3 Summary of the results of logical thinking skills 
 
Figure 6. Contextual factors affecting higher education students’ logical thinking skills.
4.2 Metacognitive awareness of logical thinking processes
Table 29. Developmental ranges of the task and descriptions of the levels. 
Comparison task 
Levels Description of the level                      Score 
No reflection No indication of conscious reflection on the thought 
processes
1
Reflection of the content of the task Evaluation of manifest content of the task 2 
Developing general analysis Necessary operations for the solution of the tasks 
are described. Evaluation is, however, very  
general and holistic. 
3
General analysis The analysis has the same characteristics as the 
third level, but the answers are more extensive. 
4
Developing specific analysis and 
integration
Differentiating and reducing thought operations and 
chains of reasoning to smaller components. 
5
Specific analysis and integration The answers at this level are extensive and
include more specific descriptions of the thought 
processes.
6
Lowest levels of metacognitive development, 1-2 
Intermediate levels representing a general analysis level of metacognitive awareness, 3-4 









Metacognitive awareness of the reasoning processes among students in 
universities and UASs 
The Pendulum tasks were boring and difficult to understand (however it was early 
morning and my brain was not yet functioning).The Chemicals tasks were much nicer 
and I didn’t have to think about the answers as much. The answers to the Chemicals 
tasks were easily visible once you knew the “tactics”. 
I thought about the Pendulum task by sketching it in my head, wereas with the 
Chemicals tasks I did not have to think so much about what the liquids looked like. 
There was more mathematical thinking involved when I thought of the mixes of 
different compounds. It is possible that I started to solve the Pendulum task more 
based on feelings than facts. 
I thought the tasks were similar since both of them involved studying the effects of 
various combinations to the end result. In both tests one aims to identify the 
important factors, i.e. the ones that affect the end result, as well as the factors that 
have little or no impact on the end result by changing the components of the test. 
Both tests progressed in a similar manner, that is by expanding, and I noticed that 
my own solution or thinking changed. In both tasks the problem solving took place 
bit by bit. 
The tasks were in some sense similar in that in both one needed to figure out cause-
and-effect relationships between the small factors and the end result. In both tasks 
one had to be able to take into account all factors which possibly had an impact on 
the end result and compare these factors to figure out their significance. In addition 
the task description first involved the formulation of some kind of hypothesis to help 
solve the task. It was essential in the tasks that only one factor was changed at any 
given time as otherwise one could not be sure of the interrelationship of the factors. 
I thought about what affects what and whether some result is a combination of 
things. Or can a given factor be excluded from analysis, as it has no significance for 
the end result. In the Pendulum task I tried to think about the answers so that only 
one of the three variables was different. And then compare how this different 
variable affected the result. In the Chemicals task you also had to compare the 
impact of substances on one another. And based on the results I excluded different 
combinations which did not have an effect. 
Table 30. Frequencies and percentage values for university students and UAS students at each 
developmental level in the Comparison task. 
Comparison task 
Level of metacognitive  
awareness
University students UAS students Total 
f % f % f % 
1 Level of no reflection 9 6.3  16 9.0  25 7.8  
2 Level of refection of the
content of the task 
52 36.1  84 47.2  136 42.2  
3 Level of developing general 
analysis
62 43.1  71 39.9  133 41.3  
4 Level of general analysis 18 12.5  7 3.9  25 7.8  
5 Level of developing specific 
analysis and integration 
3 2.1  -  3 0.9  
6 Level of specific analysis and 
integration
-  -  -  
Total 144 100  178 100 322 100  
 
Table 31. The means and standard deviations of the Comparison task scores in the university and 
UAS sectors, and significance testing of difference between the scores.  
Universities UAS Both sectors
 t N Mean SD N Mean SD N Mean SD
Compari-
son task
144 2.68 0.850 178 2.39 0.706 322 2.52 0.786 t(320)= -3.378, p =.001 
Metacognitive awareness of the reasoning processes at different phases 
of studies
 
Table 32. Frequencies and percentage values within the phase of studies at each developmental 


















Level f % f % f % f % f % f % f % 
1 10 8.8 2 8.7 4 9.8 4 8.0 4 12.5 1 1.6 25 7.8
2 58 50.9 9 39.1 17 41.5 20 40.0 19 59.4 13 21.0 136 42.2
3 43 37.7 10 43.5 18 43.9 22 44.0 9 28.1 31 50.0 133 41.3
4 3 2.6 2 8.7 2 4.9 3 6.0 - - 15 24.2 25 7.8
5 - - - - - - 1 2.0 - - 2 3.2 3 0.9
6 - - - - - - - - - - - - - -







Table 33. The means and standard deviations in the Comparison task for the university students and 
UAS students in the initial, intermediate and final phase of studies. 
 
 Comparison task
University students UAS students
N Mean SD N Mean SD 
Initial phase 50 2.54 0.81 114 2.34 0.68 
Intermediate phase 32 2.16 0.63 23 2.52 0.79 
Final phase 62 3.06 0.81 41 2.44 0.74 
Total 144 2.68 0.85 178 2.39 0.71 
 






Table 34. Means and standard deviation of the comparison task results for the three age groups. 
Age
Comparison task
N Mean SD 
19-20 95 2.47 0.71 
21-23 126 2.43 0.75 
24 -> 97 2.68 0.88 





Table 35. Group means and standard deviations of the Comparison task scores of each prior
education group. 
Comparison task
N Mean SD 
Vocational education 18 2.17 0.62 
Matriculation examination 199 2.51 0.71 
Matriculation examination +
vocational education
20 2.40 0.75 
Bachelor’s (UAS degree) 16 3.06 1.06 
Bachelor’s/Master’s/
Licentiate (University degree)
5 3.00 1.00 
No information on the prior
education
64 2.50 0.91 
Total  322 2.52 0.78
4.2.1 Summary of the results of metacognitive awareness
                                                           
 
Figure 7. Factors affecting higher education students' metacognitive abilities measured in the Com-
parison task.
4.3 Conceptions of scientific thinking
Contextual factors
DEPENDENT VARIABLES








The results are presented in the following order 
χ
4.3.1 Students’ conceptions of scientific thinking
 
 
Table 36. The number and percentage values of the different conceptions of scientific thinking. 
Conceptions of scientific thinking Number of 
students




1. Objective  25 16.1 
2. Critical 59 38.1 
3. Fact-based 28 18.1 
More extensive expressions   
4. Ability to use knowledge and theories
     4a) Apply knowledge 
     4b) Construct new knowledge based on   





5. Extensive thinking including various perspectives  48 31.0 
6. Use of scientific methods
    6a) Use of scientific research methods 





7. Creativity to form own conceptions (own way of thinking) 31 20.0
8. Other 20 12.9
Short expressions 
Critical and analytical thinking
To my mind scientific thinking involves objective and critical thinking. That is, you 
do not take all information as truth but instead you ask questions, even dumb ones. 
Theories are simply the best prevailing views as science evolves... 
Questioning, questioning of sources, patience in drawing conclusions, some 
creativity as well. Analytical thinking and understanding wider contexts. 
objective thinking
Scientific thinking is drawing objective conclusions based on scientifically proven 
facts.
Scientific thinking is thoroughly studying and thinking of things/events, etc. while 
excluding opinions and assumptions. Issues are investigated scientifically without 
personal bias, assumptions, etc. 
thinking which is based on 
facts
Scientific thinking is based on facts, studied and proven evidence of the state of 
affairs. Scientific thinking aims to question current truths. Questioning should be 
based on facts, not opinions or feelings. Scientific thinking views the context through 
its components, trying to understand their character and their interrelationships. 
More extensive views and arguments 
the abilities to use 
knowledge and theories
constructing new knowledge 
based on existing knowledge
 
Scientific thinking is about dealing with things from a theoretical perspective. 
Matters are often dealt with as rather separate from their environment thus thinking 
is rather theoretical. Scientific thinking is about piecing together cause-and-effect 
relationships and creating theories on the basis of those. Independent thinking and 
the ability to understand how things connect together are also scientific thinking.
Here we have a man without money buying a cow. Yet one must try to say something. 
With the results of scientific thinking one maintains something old, good and tried 
and tested or creates something new and revolutionary. Maybe a sentence from law 
“innocent until proven guilty” contains something from the origins of scientific 
thinking. So we use something old until the new model is better or complements the 
earlier one. Scientific thinking is about problem solving, modelling, and 
understanding structures. It is based on earlier documented work and knowhow, 
which is a good basis for questioning and development. 
extensive thinking, comprehensive thinking and 
thinking which takes account more than one perspective.
Scientific thinking is about understanding things in larger contexts and combining 
things. The relationships of the facts and background must be investigated and it 
must be interesting. In scientific thinking you must be prepared to alter your views on 
things and theories if evidence so suggests. Science changes and evolves 
continuously.
The ability to combine facts, see beneath the surface and apply theory to practice. In 
addition, the ability to understand larger contexts, to be critical and the ability to 
both acquire and utilise/process information  produce new information. 
Justification: The ability to understand large contexts and applying things from 
different perspectives is essentially connected to scientific thinking and the creation 
of new information. A command of larger contexts is important as well as knowledge 
about information aids in relevant and critical thinking. 
the
use of scientific methods
To a great extent scientific thinking is about logical deduction. On the other hand it 
is also about creativity – the courage to create new constructs. Certain laws which 
must be followed to obtain credible results apply to scientific thinking. 
In my opinion scientific thinking is about the continuous search for different ways of 
thinking and thinking models by reflecting on old knowledge and new understanding, 
and by looking for justification using various commonly accepted methods. Thinking 
is in a constant mode of change but may be very deterministic, thus the usefulness of 
the methods and their suitability may not be questioned. The end result is poor 
science if not real new information is obtained. 
Creativity in forming one’s own perspectives and conceptions/opinions
Scientific thinking is about studying things and establishing your own opinions based 
on your own research. 
Scientific thinking is about evaluating and comparing your own and others’ thinking, 
drawing conclusions and creativity. If you are able to justify new/your conclusions 
by using scientifically acceptable methods and language, you will be accepted in the 
scientific community. 
other expressions
4.3.2 Differences in the conceptions of scientific thinking between 
the university and UAS students 
 
Table 37. Cross-tabulation of the views on scientific thinking and higher education sectors. Number 
of students behind each expression, percentage value of all students within the sector and 
differences in conceptions between the UAS and university students. 

























1. Objective  14 14.6 11 18.6 25 16.1 χ2 =.445; df=1; 
p=ns
2. Critical 46 47.9 13 22.0 59 38.1 χ2 =10.384; df=1; 
p<.01
3. Fact based 10 10.4 18 30.5 28 18.1 χ2 =9.966; df=1; 
p<.05
More extensive expressions
4. Ability to use knowledge 
and theories
     4a) Apply knowledge 
     4b) Construct new   
           knowledge based on













χ2 =.321; df=1; 
p=ns
χ2 =.381; df=1; 
p<.05
5. Extensive thinking in- 
cluding various perspectives
35 36.5 13 22.0 48 31.0 χ2 =3.557; df=1; 
p=ns
6. Use of scientific methods
    6a) Use of scientific research 
          methods 
    6b) Logical thinking, causal













χ2 =.036; df=1; 
p=ns
χ2 =.381; df=1; 
p<.05
7. Creativity to form one’s 
own conceptions
21 21.9 10 16.9 31 20.0 χ2 =.554; df=1; 
p=ns
8. Other 13 13.5 7 11.9 20 12.9 χ2 =.091; df=1; 
p=ns
4.3.3 Differences in the conceptions of scientific thinking between 






Table 38. Cross-tabulation of the conceptions of scientific thinking and different phases of higher 
education studies in universities and UASs. Number of students behind each expression 






























n % n % n % n % n % n % N %
Short expressions              
1. Objective  4 12.1 3 8.8 2 10.0 2 25.0 8 18.6 6 35.3 25 16.1
2. Critical 12 36.4 7 20.6 7 35.0 3 37.5 27 62.8 3 17.6 59 38.1
3. Fact based 2 6.1 12 35.3 1 5.0 3 37.5 7 16.3 3 17.6 28 18.1
More extensive
expressions
4. Ability to use 
knowledge and theo-
ries
     4a) Apply knowledge
     4b) Construct new  
           knowledge based
           on existing





























5. Extensive thinking 
including various
perspectives
10 30.3 9 26.5 8 40.0 - - 17 39.5 4 23.5 48 31.0
6. Use of scientific 
methods
    6a) Use of scientific
          research methods
   6b) Logical thinking, 





























7. Creativity to form 
one’s own concep-
tions
5 15.2 7 20.6 6 30.0 - - 10 23.3 3 17.6 31 20.0
8. Other 6 18.2 5 14.7 4 20.0 1 12.5 3 7.0 1 5.9 20 12.9
  
 
4.4 The connections between the two approaches of 
scientific thinking 
4.4.1 Students’ logical-epistemological profiles in universities and 
UASs








Prior to formal 
reasoning stage 
Total
University 57 39   96 
UAS 21 38   59 
Total 78 77  155  
Table 40. Cross tabulation of the views on scientific thinking and the level of causal reasoning (for-
mal stage/prior the formal stage). The number of students providing each response, per-
centage value of all students within the level of reasoning and differences in conceptions 
between the students at the formal operational stage of reasoning and students at lower 
level reasoning skills. 
Conceptions of  scientific 
thinking













n % n % N % 
Short expressions        
1. Objective 14 17.9 11 14.3 25 16.1 χ2 =.384; df=1; 
p=ns
2. Critical 35 44.9 24 31.2 59 38.1 χ2 =3.086; df=5; 
p=ns
3. Fact based 11 14.1 17 22.1 28 18.1 χ2 =1.665; df=1; 
p=ns
More extensive expressions        
4. Ability to use knowledge 
and theories 
     4a) Apply knowledge 
     4b) Construct new knowledge
           based on existing













χ2 =8.122; df=1; 
p<.01
χ2 =.127; df=1; 
p=ns
5. Extensive thinking including
    various perspectives
21 26.9 27 35.1 48 31.0 χ2 =.1.202; df=1; 
p=ns
6. Use of scientific methods 
    6a) Use of scientific research 
          methods 
   6b) Logical thinking, causal 













χ2 =.201; df=1; 
p=ns
χ2 =6.596; df=1; 
p<.01
7. Creativity to form own
conceptions (own way of 
thinking)
19 24.4 12 15.6 31 20.0 χ2 =1.861; df=1; 
p=ns
8. Other 10 12.8 10 13.0 20 12.9 χ2 =.384; df=1; 
p=ns
 
4.5 Students’ experiences of thinking and learning in the 
field of business and administration in the two higher 
education sectors 





analytical and creative thinking
logical reasoning/problem solving and knowledge 
application.
Knowledge acquisition and construction
students’ active role, motivation and self-guidance
generic skills subject knowledge/theoretical knowledge
no special skills are needed
 
 
Table 41. Cross tabulation of the views on requirements for studying in higher education at the two 
sectors and the differences between the sectors. 
Requirements for 
studying










χ2n %  n %  N %  
1. Academic thinking 
skills
55 57.3 19 32.2 74 47.7 χ2 =9.219; df=1; 
p<.01
1a) Critical, analytical
and creative thinking 
43 44.8 10 16.9 53 34.2 χ2 =12.589; df=1; 
p<.001
1b) Logical reasoning 
and problem solving 




12 12.5 7 11.9 19 12.3 χ2 =.014; df=1;
p=ns
2. Student’s active 
role, motivation and 
self- guidance 
41 42.7 15 25.4 56 36.1 χ2 =4.731; df=1; 
p<.05
3. Subject knowledge, 
theoretical knowledge 




55 57.3 18 30.5 73 47.1 χ2 =10.512; df=1; 
p<.01
5. Generic skills 27 28.1 12 30.3 39 25.2 χ2 = 1.176; df=;1 
p=ps
6. No need of special 
skills
3 3.1 1 1.7 4 2.6 χ2 =.297; df=1;
p=ns
4.5.2 Students experiences on how scientific thinking is promoted 
in higher education 
χ
Table 42. Students’ experiences concerning the emphasis on scientific thinking in higher education.









n %  n %  N %  
1. Scientific thinking is 
promoted
67 72.8 27 52.9 94 65.7 
2. Scientific thinking is 
promoted, but only
slightly
11 12.0 4 7.8 15 10.5 
3. Scientific thinking is 
not promoted 
7 7.6 15 29.5 22 15.5 
4. No opinion 7 7.6 5 9.8 12 8.3 
Total 92 100 51 100 143 100 
 
Table 43. How scientific thinking is promoted in the two sectors. 










n %   n %   N %   
1. The final phase of studies,  
Master’s thesis/diploma work 
17 17.7 5 8.5 22 14.2 
2. Methodological studies,
courses of scientific thinking
and argumentation
9 9.4 1 1.7 10 6.5 
3. Subject studies and course
contents
14 14.6 4 6.8 18 11.6 
4. Orientation in teaching,
teaching methods 
5 15.6 4 6.8 19 12.3 
5. Learning methods 16 16.7 7 11.9 23 14.8 
6. Scientific thinking is a
prerequisite for studying 
13 13.5 9 15.3 22 14.2 




5.1 Logical thinking skills and metacognitive awareness of 
thinking
Logical thinking skills 

 
Metacognitive awareness of the reasoning processes 
5.2 Epistemological beliefs about knowledge and knowing 
 
The balance between subjective and objective dimensions of knowing
Dimensions of epistemic beliefs in students’ conceptions of scientific 
thinking
 
Differences between the higher education sectors 
Differences between the study phases 
 
5.3 The interaction between the two traditions of scientific 
thinking
5.4 Students’ experiences of thinking and learning in higher 
education studies at the two sectors 
Students’ conceptions of skill requirements in higher education studies 
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 (use as few experiments as pos-
sible; cross-out the experiments you don't need).
note that the experiments 
are carried out with another pendulum which was used in the former experiments
(L: long, W: heavy, P: strong (15)
(L: short, W: heavy, P: weak (20)
























1. LEVEL OF NO REFLECTION 
2. LEVEL OF REFLECTION OF THE CONTENT OF THE TASKS 
not
3. LEVEL OF DEVELOPING GENERAL ANALYSIS 
4. LEVEL OF GENERAL ANALYSIS
5. LEVEL OF DEVELOPING SPECIFIC ANALYSIS AND INTEGRATION
 
6. LEVEL OF SPECIFIC ANALYSIS AND INTEGRATION 
APPENDIX 9 
1.  What kind of skills and competencies do you need in your studies? 
Content category f
1. Academic thinking skills: 
1A. Critical, analytical and creative thinking 




Creatitivity, to create own perspectives  6
Conceptual thinking 1
1. Academic thinking skills: 
1B. Logical reasoning and problem-solving 
Logical thinking, cause and effects, reasoning skills 20
Problem-solving skills 4
Objectivity 1
1. Academic thinking skills: 
1C. Knowledge application
Knowledge application skills 21
2. Student’s active role, motivation and self-guidance 
Self-management, initiativeness, concentration  45 
Diligence, stress control  18
Motivation 9
3. Subject knowledge, theoretical knowledge
Theoretical and content knowledge (including common, mathematical skills, languages)  19 
Theoretical thinking 4
4. Knowledge acquisition and construction
Knowledge acquisition skills 18
Ability to process knowledge, to find the key points  23 
Abilities to process new knowledge and to combine with existing knowledge 26 




Learning techniques, abilities of learning to learn 13 
Communication skills  6
Memory 10
 
6. No special skills 
Common sense, everyday thinking 1
No special skills 4
Total 362





Keeping one’s own opinions, attitudes and emotions separate from scientific thinking
16
10
2. Critical thinking 
Critical thinking, ability of questioning
Analytical thinking 





Thinking, which is based on research
Complicated thinking
Exact, detailed thinking 
Thinking, which is based on true facts 






More extensive expressions 
4. Ability to use knowledge and theories 
4a) Apply knowledge 
Ability to use theories and scientific knowledge 
Making conclusions, ability to use theories and knowledge
Making deductions on the base of theory 
Ability to use theories and knowledge in practise, ability to apply knowledge 
Ability to evaluate the validity of the generalization of the research results 
Ability to use and combine knowledge and theories in construction of new knowledge
4b) Construct new knowledge based on existing knowledge 
Constructing new models and theories based on old ones, making synthesis 
Constructing new models and theories by questioning old ones and changing conceptions 












5. Extensive thinking including various perspectives
Ability to sketch things as part of totalities and to divide the totality to separate parts 
Ability "to find and define " the problem and ask the right questions 
Ability to separate essential from the less essential (set things to order of importance), 
Seeing things from versatile viewpoints /perspectives/knowledge sources and
understanding
Comprehensive thinking 







6. Use of scientific methods 
6a) Use of scientific research methods
Applying scientific research methods, which guarantees the validity, qualitative and
quantitative methods, analysis based on tha data 
To set the hypothesis, hypothesis testing 




6b) Logical thinking, causal reasoning 
Finding cause and effect, causality, finding explanations 







7. Creativity to form own conceptions (own way of thinking) 
Creative thinking 
Creating own views and conceptions, independent thinking 
Motivation, enthusiasm in thinking and an inquisitive approach to learn and understand.
Deep understanding of knowledge 







a) Metacognitive abilities to identify one's own thinking processes  
Metacognitive abilities to identify one's own thinking processes 
b) Communication skills and interaction in adacemi
Communications skills
Interaction within the academic community and other researchers 
c) Technical skills to acquire knowledge 
Technical skills of acquiring knowledge 
d) Other 
I don’t know 
Other than using common sense in thinking 
Similar thinking than other thinking
Ability to view things scientifically 
Problemsolving














3a. How is scientific thinking promoted in your studies?
Content category f
1. Final phase of studies, Master’s thesis/diploma work 
Final phase of studies
Master’s thesis/diploma work 
5
22
2. Methodological studies, courses of scientific thinking and argumentation 
Methodological studies 
Courses of scientific thinking and argumentation
7
3
3. Subject studies and course contents 
Course contents, literature 
Theoretical knowledgebase of studies 
12
7
4. Orientation in teaching, teaching methods 
Teaching methods, which promotes to think with various perspectives and
in a comprehensive way
Teaching is scientific




5. Learning methods 
Projects, cases, problem based learning, essey writing 






6. Scientific thinking is a prerequisite for studying 
Knowledge acquisition and processing skills are needed in studies 
Own thinking and perspectives are needed in studies 
Abilities of constructing knowledge and application of knowledge are needed in studies 






Scientific thinking is possible to enhance if you have motivation. It is possible to study in 
higher education without abilities of scientific thinking
4
Total 137
3b. If not, why do studies not promote scientific thinking? f
There are no space for critical thinking and own perspectives 4 
Studies include too narrow perspectives 3
There are not enough group works and co-operation 1
Exams and skills of good memory are emhasised too much 2 
Total 10

